Abstract. The purpose of our publication is to widely communicate pictures of spontaneous findings occurring in cynomolgus monkeys. Focal lymphoplasmacytic infiltration is commonly seen in the general organs. The frequency and severity of these lesions may be influenced by the administration of drugs with an effect on the immune system. Lymphoplasmacytic infiltration in the lamina propria of the stomach is also frequently seen in cynomolgus monkeys, and it is caused mainly by a Helicobacter pylori infection. Various degrees of brown pigments are observed in various organs, and it is possible to distinguish the material of the pigments by its morphological features and site. A focal/segmental glomerular lesion is occasionally seen in a section of the kidney, and the minimal lesion has no influence on the urinalysis. We showed the common glomerular lesions in HE-stained sections, as well as in PAM-or PAS-stained sections, for understanding the details. Young and pubertal monkeys are usually used in toxicity studies; therefore, understanding various maturation stages of the genital system is important. In particular, the female genital system needs to be understood in the morphology, because their cyclic changes are different from other laboratory animals. Thus, we present the normal features of the cyclic changes of the female genital organs. Furthermore, we provide more information on spontaneous findings in cynomolgus monkeys for exact diagnoses in toxicity studies.
Introduction
To achieve an accurate pathological evaluation in toxicity studies, it is particularly important to know the background histopathology, that is, to be familiar with pictures of incidental findings. As abundant studies using rats are common in laboratories, toxicological pathologists know the background data of spontaneous lesions in rats and can visualize these histological figures easily. Meanwhile with monkeys, only a few pathologists in limited laboratories have experience with studies using nonhuman primates. Therefore, most pathologists cannot help but depend on the literature or textbooks to participate in the evaluation of monkey studies as a study pathologist or reviewing pathologist [1] [2] [3] [4] [5] [6] [7] . In the present state, however, relatively few background data or pictures of incidental findings in monkeys have been published due to the lack of understanding of the importance of publishing incidental findings, which are pathologically or toxicologically insignificant spontaneous lesions with no sign of disease.
Therefore, in this report, we provide pictures of spontaneous lesions in cynomolgus monkeys (Macaca fascicularis) that were detected in background data collection studies and ordinary toxicity studies in our laboratory. The figures are grouped and arranged according to the cardiovascular, lymphoid, respiratory, alimentary, urinary, reproductive, endocrine, nervous, musculoskeletal and integumentary systems.
Materials and Methods
A total of 660 cynomolgus monkeys (332 males and 328 females) were subjected to background data collection studies and ordinary toxicity studies conducted in our laboratory from 1998 to 2011. The age range was 2 years and 10 months to 13 years. They were imported from the Philippines (44 males and 50 females), Indonesia (7 males and 7 females), Malaysia (10 females), Vietnam (271 males and 251 females) and China (10 males and 10 females). The animals were housed individually in metal cages (680 × 608 × 770 mm or 680 × 658 × 770 mm) in conventional rooms air-conditioned at 23 °C to 29 °C with 35% to 75% relative humidity and a 12-hour light/12-hour dark cycle. They were provided with 100 g of commercially available food (CMK-1, CMK-1α or CMK-2, CLEA Japan, Inc.) daily and were also allowed free access to drinking water. The animals were cared for according to the principles outlined in the guides for the care and use of laboratory animals prepared by the Japanese Association for Laboratory Animal Science and our institution.
Organs fixed in 10% neutral phosphate-buffered formalin were embedded in paraffin, and the sections were made and stained with hematoxylin and eosin (HE) for microscopic examination. Selected sections were stained with Warthin-Starry, periodic acid-Schiff (PAS) and periodic acid-methenamine-silver (PAM).
Results
We chose 195 typical findings or rare lesions of the cynomolgus monkeys from the background data collection studies and ordinary toxicity studies conducted in our laboratory, and they are shown as follows. Detailed explanations for these findings are shown in the figure legends. 
Discussion
In veterinary pathology and toxicological pathology, many textbooks have been published, and information concerning the disease pathology in rodents and dogs is readily available. However, the publications referring to spontaneous lesions are substantially fewer in cynomolgus monkeys than those in other laboratory animals. Furthermore, publications showing pictures of spontaneous nonneoplastic lesions exhaustively as a histopathology atlas cannot be found except for a color atlas of diseases in nonhuman primates 7 . Therefore, we provided many pictures of spontaneous lesions in cynomolgus monkeys that were detected in background data collection studies and ordinary toxicity studies in our laboratory.
The common lesions of the heart, such as focal inflammatory cell infiltration in the myocardium (Fig. 1) , focal myocardial necrosis (Fig. 2) , proliferation and squamous metaplasia of the epicardial mesothelium (Fig. 3) , hemorrhage in the endocardium (Fig. 4) , and arterial sclerosis (Fig.  5) have been previously reported 8, 9 .
Arteritis in cynomolgus monkeys is usually observed in one or a few organs/tissues, and systemic arteritis is rare. There is a case report of polyarteritis nodosa in a cynomolgus monkey 10 . Morphologically, the features of arteritis in the previous report are similar to those in Figs. 7-11.
Testicular spermatogenesis of cynomolgus monkeys was reported in detail by Dreef et al. 11 . The female monkey genital system needs to be understood morphologically because the cyclic changes are different from those of other laboratory animals. Cyclic changes in the ovaries of nonhuman primates during the menstrual cycle were reported in detail by Koering 12 , and common lesions in the female reproductive system such as deciduosis (Fig. 133) 13 , mineralization ( Fig. 134) 13 , ectopic ovarian tissue (Fig. 139) 13,14 and adenomyosis and endometriosis (Fig. 140) 13,15 were reported previously. Ovarian tumors occasionally occur in monkeys, and some case reports refer to those in cynomolgus monkeys, including a report of mucinous cystadenoma (Fig. 138 ) in cynomolgus monkeys 16 .
Concerning the common lesions of cynomolgus monkeys, we introduced the reports of multinucleated epithelial cells in collecting tubules (Fig. 91) 17 , eosinophilic droplets in the transitional epithelium (Fig. 107) 18 , adenohepatic fusion (Fig. 171) 19 and focal inflammatory cell infiltration in the ciliary body (Fig. 185) 20 .
Concerning the rare lesions of young cynomolgus monkeys, we also introduced the reports of thymoma (Fig. 20) 21 and cataract (Fig. 186) 22 in the Journal of Toxicologic Pathology.
Indeed, not all lesions have been comprehended in various textbooks or journals. Therefore, we have to keep collecting background data continuously. These background lesions may not have an effect on the results of toxicity studies but should be taken into account along with their potential to influence safety assessment in drug administration. 
Fig. 2.
Heart: Focal myocardial necrosis. Focal myocardial necrosis occurs occasionally, but a large focus like this case is rare. This lesion must be distinguished from artifacts because a similar figure is also formed due to inadequate handling of the heart during necropsy and tissue preparation.
Fig. 3.
Heart: Proliferation and squamous metaplasia of the epicardial mesothelium. Focal proliferation of single layered mesothelial cells occurs occasionally in the atrium (atrial auricle). Squamous metaplasia also occurs in the same area, but the incidence is low. They are thought to be reactive changes to some physical irritation.
Fig. 4.
Heart: Hemorrhage in the endocardium. Focal and mild hemorrhage in the endocardium and subendocardium is considered mainly to be an agonal change. 
Artery: Arteritis (Figs. 7-12)
The term of arteritis refers to various inflammatory changes of the arterial wall. Endarteritis, periarteritis and panarteritis are used to describe the affected part, and polyarteritis is used for multiple lesions. Various adjectives are added to describe the morphological characteristics such as acute arteritis, necrotizing arteritis, polyarteritis nodosa or granulomatous arteritis. Multiple synonyms have been used to describe the same changes. The most frequent locations are the heart, intestine and epididymis. Arteritis is usually observed in one or a few organs/tissues, and systemic arteritis is rare in cynomolgus monkeys. There is no capsule around the lesion, but the lesion slightly compresses the normal splenic tissues. This change consists of lymphocytic follicular hyperplasia with/without other splenic components. The other follicles are normal. There is no evidence to support that these lesions progress to lymphoma. pigments occasionally deposit in the red pulp. For the most part, brown pigments are hemosiderin (left), and black ones are unidentified (right). We have confirmed that the unidentified pigment is not melanin, lipofuscin, malaria pigment or formalin pigment using some special stains (unpublished data). Lymphoplasmacytic infiltration in the lamina propria of the fundus and pylorus, so-called gastritis, is frequently seen in cynomolgus monkeys and is seen accompanied by regeneration of the mucosal epithelium. These changes occur occasionally associated with a Helicobacter pylori infection. Slight pigmentation is usually seen in the duodenal lamina propria of cynomolgus monkeys, but an increase in the number of pigment macrophages might also occur following administration of certain pigmented compounds. This change occurs less frequently in cynomolgus monkeys than in Beagles. These bodies are considered to be blood plasma due to rise of the internal pressure in the sinusoids or increased permeability of the hepatic cell membrane. This figure shows focal hyperplasia of stratified tubular epithelia with cellular atypia. The pathogenesis of this lesion is probably the same as that described in Fig. 88 . There is no evidence to suggest that these lesions ever progress to renal tumor. A segmental eosinophilic nodule containing some mesangial cells is frequently seen in one or a few glomeruli in an HE section. PAM staining makes it easy to demonstrate marked proliferation of mesangial cells and increase in mesangial matrix and the collapse of capillary loops. The lesion is similar to those in so-called glomerular sclerosis. 
Kidney: Solitary glomerular lesions (Figs. 97-102)
These lesions are usually seen in cynomolgus monkeys but are solitary (one or two abnormal glomeruli in one section). The details of these changes are not understood because every one of the lesions is stained eosinophilic in HE sections. (Fig. 109) , which is the most usual grade for animals 3 years of age or much younger. The features of grade 4, the most immature grade, consist of only Sertoli cells and undifferentiated spermatogonia. 
Stress-induced lesions (Figs. 193-195)
Some stress-induced lesions are observed in moribund or dead cynomolgus monkeys. Lymphoid atrophy, acinar atrophy in the exocrine glands, gelatinous atrophy of the adipose tissue and diffuse hypertrophy of the adrenocortical cells of the zona fasciculata are known to be discriminative. The figures show thymic atrophy (Fig. 193) , gelatinous atrophy of the bone marrow adipose tissue (Fig. 194 ) and diffuse hypertrophy of the adrenocortical cells of the zona fasciculata (Fig. 195) . 
